Background: In some children with ADHD, sub-optimal levels of various nutrients including PUFA especially omega-3 has been observed, and contradictory reports exist on the results of studies conducted on the positive therapeutic effects of PUFA in patients with ADHD. Objective: The aim of this study was to investigate the effectiveness of methylphenidate and PUFA on treatment of patients with ADHD in Zahedan, Iran. Methods: In this clinical trial, 40 children between 6 and 12 years of age with ADHD were investigated in Zahedan in 2014. Patients were randomly divided into two groups of methylphenidate plus PUFA and methylphenidate plus placebo. ADHD rating scale was filled before and after the study for patients of both groups. Finally, data were analyzed using SPSS18, paired-samples t-test and chi-square. Results: Mean age of patients was 2.9±1.8 years. Thirty-three children (82.5%) were boys and seven children (17.5%) were girls. Mean severity of signs in the group under methylphenidate plus PUFA treatment was 39.9±4.9 before treatment and 20.1±6.0 after 8 weeks of treatment (p<0.001). Mean severity of signs in the group under methylphenidate plus placebo treatment was 41.2±2.7 before treatment and 26.1±9.0 after 8 weeks of treatment (p<0.001). Mean reduction in the severity of symptoms in the group under methylphenidate therapy was 19.7±5.9 and in PUFA and placebo group it was 15.1±9.3 (p<0.067). Response to treatment (a reduction of at least 25% in the signs) in the group taking methylphenidate plus PUFA was 90% (18 patients) and in methylphenidate plus placebo group, it was 60% (12 patients) (p=0.028). Conclusion: This study shows that PUFA is an efficient nutrient to treat ADHD and it can be used to treat patients. However, definitive conclusion requires repeating the study with a larger sample and longer study period.
Introduction
ADHD (Attention Deficit/Hyperactivity Disorder) is a disease that despite being identified, its genetic background is not yet clear (1) (2) (3) . This disease keeps children and adolescents in a state of failure and socially retarded condition. Although it mostly affects boys, it has been seen in girls too (4) . About the pathology of ADHD, it has been stated that the noradrenergic system, including the central system (locus coeruleus) and peripheral sympathetic play a role Page 4413 in it (5-7). The peripheral sympathetic system plays a more prominent role in prevalence of ADHD symptoms such that a disorder occurs in the peripheral epinephrine and it causes the locus coeruleus to be regulated at a lower level (6) . Although in many studies, epinephrine and norepinephrine levels, or their metabolites in ADHD children's plasma or urine has increased relative to control group, (5) (6) (7) (8) there are no constant findings in review studies that indicate the decrease or lack of any changes in environmental levels of monoamines or their metabolites. Considering the role of the central noradrenergic system and peripheral automatic sympathetic system in arousal state, and considering the noradrenergic effects of stimulant drugs, this theory formed that the noradrenergic system plays a role in ADHD (9) (10) (11) (12) . Of other physiologic disorders, available in this disease is the reduced response of the adrenaline moderator (5) . This reduced response exists while conducting cognitive tests and even when hypoglycemia occurs, that shows a state called reduced response of epinephrine (13) . This reduced response can probably be justified by the increase in peripheral epinephrine as the hypothesis stated in the etiology of ADHD explained before. Of the most common treatments for this disorder are the stimulant drugs including methylphenidate (5) (6) (7) 14) . By facilitating the release of catecholamines in the locus coeruleus and controlling their resorption in the cell synapses, stimulant drugs increase the level of these materials and then reduce the symptoms (5, 8, 14) . ADHD entails three subgroups of impulsivity hyperactivity overcome, attention deficit overcome and the mixed type. The effect of medicinal and non-medicinal therapies has been confirmed in this disorder. Methylphenidate is the most common drug, the effect of which has been verified on all three domains of ADHD symptoms (15) (16) (17) . Response to this drug is different from 25 to 78 percent (18) . Stimulant drugs are the major medicinal treatment for ADHD. Side effects of these drugs, including tic, irritability, anorexia along with their short effect (3 to 4 hours) makes it necessary to find alternative treatment methods with fewer side effects or adjuvant medicine to have the residual symptoms (19) . In recent years, particular attention has been paid to PUFA (polyunsaturated fatty acid) which include omega-3 and omega-4 fatty acids (20) (21) (22) (23) . Some studies have shown that children with ADHD have unnatural amounts of PUFA especially reduced plasma concentration of arachidonic acid, docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA) (22) (23) (24) (25) . EFA discharge affects the brain with a high amount of fat and the need for n-3 PUFA for growth, connection, and function. DHA plays a major role in the development of the brain, while EPA is mostly important for performance (26) (27) (28) (29) (30) (31) . Considering that in many children with ADHD suboptimal levels of nutrients including PUFA, especially omega-3 has been reported and omega-3 is an unsaturated fatty acid, which is one of the components of the brain and neurotransmitters and its low blood levels in patients with ADHD. In addition, its being efficient and lack of complications has been verified in previous studies. Considering proper dosage and the type of PUFA used is not fully identified in ADHD, papers have recommended to conduct more studies with various dosages of PUFA and applying various types of PUFA (omega-3 and omega-4 alone or along with each other). Since there are contradictory reports on the results of conducted studies on the positive effect of PUFA in patients with ADHD, we decided to conduct a study to investigate the therapeutic effect of PUFA as an adjuvant therapy in children with ADHD in Zahedan.
Material and Methods

Trial Design
This clinical trial was conducted on 40 children of 6 to 12 years of age diagnosed with ADHD referring to state and private clinics in Zahedan in 2014.
Sampling
Samples were selected among parents referring outpatient clinics using random sampling. Sample size was selected to be 40 patients considering confidence interval of 95% and alpha of 0.05.
Inclusion Criteria
In this study, inclusion criteria were obtaining the least score in an ADHD rating scale questionnaire, responding to the treatment based on least reduction of 25% of symptoms relative to the base state in ADHD scaling. Exclusion criteria were: Any type of concurrent major psychological disease except oppositional defiant disorder (ODD) and learning disorder (OD), intelligence quotient below 70, taking psychedelic drugs or drugs in two recent weeks, any major neurological disease and taking any drug affecting the nervous system at least two weeks before the study.
Intervention and Data Collection
Next, a form of demographic data was filled for each child separately. Before starting treatment, participants were physically examined especially in terms of weight, heart rate, and blood pressure. In addition, diagnostic questionnaire of ADHD rating scale was filled for children at this time. Parents' form of this scale was filled by one of the parents. Patients were randomly divided into two groups using a random numbers table. In the first group, treatment with 0.3 mg/kg methylphenidate per day was started twice a day and it reached 1mg/kg within two weeks. Treatment with omega-3 capsules containing 180mg EPA and 120 mg DHA was started concurrently. In 2, 4, 6, and 8 weeks of treatment, ADHD rating scale questionnaire was again filled by the resident of psychiatry for patients of both groups. Data related to side effects were collected via interviewing patients and their parents as well as the therapist observations according to the inventory of drugs side effects.
Randomization and Blinding
During the study, the prescriber and patient rater were not aware of the type of prescribed medicine and they were different. For the study being double blinded, patients were divided into placebo and PUFA groups randomly by the author and were referred to via a code to the person in charge of drug distribution. In addition, methylphenidate and PUFA were taken to the patients in pre-prepared envelopes based on code 1 and 2. Considering the special PUFA form that is typically in capsules, its placebo was prepared and was taken to the other group to prevent drug takers from noticing the patient rater of their used drugs.
Statistical Methods
Data analysis was conducted using the SPSS18 statistical software. Numerical variables were presented as mean (SD), whereas nominal and categorized variables were summarized by absolute frequencies and percentages. To compare the baseline measurements between the two groups, chi-square test and paired-samples t-test were used.
Research Ethics
This study has been conducted, based on a residency thesis to the number 6752 in the ethics committee, and supported by Deputy of Research and Technology of Zahedan University of Medical Sciences. In this study, codes 8 and 17 approved by the national ethics committee in medical studies have been observed. After selecting patients and being given parents' consent, method and objectives of conducting this study were explained for them.
Results
Mean age of children receiving methylphenidate and PUFA (treatment group) was 9.5±2.0 and in children receiving methylphenidate and placebo (control group), it was 8.9±1.6 (p=0.387). Of these patients, thirty-three children (82.5%) were boys and seven children (17.5%) were girls. (p=0.212). In this study, mean severity of symptoms in the group under treatment of methylphenidate plus PUFA before and after 8 weeks of treatment for attention deficit type (before: 20.9±3.4 and after: 10.4±3.5), for predominantly impulsive-hyperactive type (before: 18.9±4.3 and after: 9.7±4.6), and for the mixed type (before: 39.8±4.9 and after: 20.1±6.0). In addition, mean severity of symptoms in the group under treatment of methylphenidate plus supplement before and after 8 weeks of treatment for attention deficit type (before: 20.5±2.9 and after: 13.2±5.9), for predominantly impulsive-hyperactive type (before: 20.5±2.9 and after: 13.2±5.2), and for the mixed type (before: 41.2±2.7 and after: 26.1±9.0) (p<0.001) ( Table 1) . Mean severity of symptoms after treatment in the treatment group was significant relative to the placebo group. (p<0.05) ( Table 2 ). The most common side effects related to methylphenidate in the treatment group were sleep disorders, anorexia, headache and dizziness, and depression and in placebo group, they were sleep disorders, abdominal pain, dizziness and restlessness. The most common side effects of methylphenidate in both groups were sleep disorders and anorexia and no significant difference was observed in both groups (p>0.05). PUFA side effect was just one case of burping. 
Discussion
Results of this study showed that mean severity of symptoms before treatment in both groups of methylphenidate plus PUFA and placebo was the same, and severity of symptoms after treatment in the group under methylphenidate plus PUFA treatment had reduced much more compared to the placebo group, and major changes were observed in the subscale of predominantly attention deficit type. A significant difference was observed in the analysis of the percentage of people who showed reduced severity of symptoms for 25% compared to those who showed the same rate of reduction using methylphenidate plus placebo (90% vs. 60%) and this shows the effect of PUFA in reducing the severity of symptoms compared to placebo. In other words, adding PUFA to placebo resulted in better response of ADHD patients to methylphenidate, and increased the number of people who responded to this drug. In this study, the concurrent use of PUFA resulted in improved attention or mobility in children with ADHD and this was similar to some previous studies in this field. For example, as mentioned earlier, in the study conducted by Bélanger et al. in 2009, it was concluded that supplement n-3 PUFA can be useful in a subgroup of children with ADHD (especially in the attention deficit subscale) and these drugs are well-tolerated by children (32) . In addition, in the studies conducted by Richardson et al. between 2004 and 2006 in England, a marked improvement was observed in major symptoms of ADHD and they stated that omega-3 fatty acids show better effects in treatment of behavior and learning problems of children with ADHD compared to omega-6 fatty acids (33) (34) (35) . In a study conducted by Gustafsson et al. in 2010, results showed that in two subgroups of children with ADHD (including children with oppositional defiant disorder and less active children), improvement was observed after 15 weeks of treatment, and increased concentration of EPA and reduced concentration of omega-6 fatty acids in phospholipids was related to clinical improvement (36) . However, some studies are conducted in this field the results of which are contrary to the results of our study, including the study by Gillies et al. in 2012 who showed that prescribing PUFA supplement is not useful in improvement of ADHD symptoms in children and adolescents (37) . In a study conducted by Laasonen et al. in 2009, the general ratio of n-6 PUFA (including gamma-linoleic acid) in patients with ADHD was higher compared to patients without this disorder, and after controlling reading problems, education and the quality of fat in diet or using supplement fatty acids usually created no changes in the conditions (38) . In the study by Ng et al. in 2009 , it was shown that although the use of fish and sea food, meat and egg was half in children with ADHD compared to control group, there was no relation between symptoms of ADHD and fatty acids (39) . In addition, in a review study conducted by Raz and Gabis in 2009, the effectiveness of adding fatty acids to the diet was not observed in increasing the blood level and improvement of ADHD symptoms, and these authors did not recommend using these fatty acids as the main or adjuvant therapy in children with ADHD (40) . One of the reasons for different results in studies is the measuring time of the effect of the drug that can have a significant effect on the findings of the study. In some studies, it has been stated that the minimum time required for PUFA efficiency is three months. This study was also conducted within 3 months (12 weeks). Lack of prevalent effect when adding PUFA to methylphenidate in some studies can be due to the short time of study, and longer treatment can increase efficiency. Similar to the study by Hirayama in 2004 that was conducted in Japan for 2 months, no improvement was observed in symptoms of ADHD in a group receiving DHA and in return, improvement of symptoms in the control group was better (41) . However, in a study conducted by Sinn and Bryan in 2007 in Australia, within 30 weeks, the medium to strong positive effect was observed in the Conners' Parent Rating Scale in groups receiving PUFA (42) . Assorted types of fatty acids available in the diet of children with ADHD is another topic addressed in some research (39) . Considering cultural differences available in the diet of various nations, the difference between our study and other studies on inefficiency of adding PUFA to the diet of children with ADHD may be due to different composition of diets in terms of PUFA content (for example, its being sufficient in the diet of children receiving placebo and its becoming inefficient when being added as drug) that could in return justify the differences in the results of various studies. Considering the conditions of the area under study and low food security of this region, the effect of diet therapy used in this research could be justified. Another factor that can create some changes in the results of this study with other studies is the differences available in dosage of PUFA used in various studies. These differences and lack of a standard dosage of PUFA can be a cause of variations observed in results of this study with other studies.
Conclusions
This study showed that concurrent use of PUFA improved the attention state of children with ADHD and considering different composition of diets in terms of PUFA content, in turn can justify the differences existing in results of various studies considering the area conditions. Therefore, it was suggested to design and conduct more clinical trials with larger sample size and a longer period in other regions to assess patients with ADHD.
